Summary: At an average of 32 days after a modified Roux-en-y repositioning of rat small intestine, the mucosal mass, mucosal composition, in vivo absorption of galactose and the activity of maltase, sucrase and alkaline phosphatase were measured. In the gut segment with digestive secretions but without food (A) the only change was a decrease of sucrase activity which occurred most probably at the cellular level. In the gut segment with food and gastric juice and a reflux of digestive secretions (B) complex changes took place. An increase in mucosal mass was not accompanied by an increase in galactose absorption. There was a high increase of sucrase activity, a moderate increase of maltase activity and a tendency of the alkaline phosphatase activity to decrease. The changes (increase in mucosal mass and total enzyme activity, but no changes in activity at the cellular level) in the segment exposed to both digestive secretions and food (C) were compatible with a more proximal promotion of a distal gut segment.
Introduction
It is well known that the enzyme activity of the intestinal epithelium and the absorption of nutrients is strongly influenced by the availability and corjyposition of food in the gut lumen (1) (2) (3) (4) and by digestive secretions (5) (6) (7) (8) (9) (10) (11) , In pur experimental model a surgical re-*) Supported by the "Deutsche Forschungsgemeinschaft".
J. din. Chem, Clin. Biochem. / Vol. 15,1977 / No. 7 arrangement of the small intestine resulted in three different parts of small intestine, exposed either to digestive secretions or to food or to both.
Methods
A modified Aowx-en-Y repositioning of the small intestine (1. c. (12) and fig. 1 ) was performed so that the most proximal segment A (average length 30 cm) had only biliary and pancreatic input. The proximal end of the next segment (B) was anastomosed to the duodenal cap, and thus received food and gastric juice. Twenty cm further distally, the distal end of segment A was anastomosed end-to-side to the gut-in-continuity, and this anastomosis was the beginning of segment C, which led to the ileocaecal valve. Shamoperated and unoperated rats were also studied, and each of these three groups contained seven animals. About 32 days (32 ± 3 days) after surgery the rats were starved "overnight" and received an i. p. pentobarbital (Nembutal, Abbott) anaesthesia. The gut segments A and B ( fig. 1 ) were carinulated and perfused simultaneously at a rate of 12 ml/h for 70 min. The perfusate was collected in 10 min fractions, the first two fractions being discarded. At the proximal part of the perfused segment the pressure was 3-5 cm fluid, at the distal part zero. At the end of perfusion the rats were killed by cervical dislocation, the perfused gut segments and the segment C quickly removed, and rinsed with cold (+ 4 °C) 0.154 mol/1 Na Cl. After measuring the length by stretching with a 3 g weight, the gut segments were slit operi longitudinally; the mucosa was scraped off with a glass-slide and immediately frozen (-27 °C). After freeze drying the mucosa was stored in a desiccator containing CaCl2 at -27 °C. The previously described perfusion solution (13) (14) and proteinand DNA-content as described by Ecknauer & Schnösenberg (16) . The measurement of alkaline phosphatase activity, protein, DNA, and glucose concentration (after hydrolysis by disaccharidases) were subjected to a quality control (14) . For statistical analysis a two-tailed Wilcoxon-test for independent samples or for paired samples was used. If 2 P ^ 0.05 was reached, a difference was called significant; otherwise an apparent difference, where indicated, was described as a "tendency", or the expression "seemed to be ..." was used. 
Results

General
All rats appeared healthy and only one rat (operated) had an unformed stool at the time of investigation. Absorption and enzyme activity in this rat showed no difference from the other operated rats. Preoperative body weight showed no difference in the three animal groups (tab. 1). The post-operative weight gain (pie-and post-operative weight measured after "starvation overnight") was highest in the non^operated control rats, lower in the sham-operated control rats and lowest in the operated rats (tab. 1).
Wet and dry weight of the caecum cleaned from adhering contents was not influenced by sham^operation or operation (tab. 2).
Tab. 1. Initial body weight and weight change in the expert mental groups. Initial body weight and weight gain. All values represent an arithmetic mean with ä standard deviation for 10 rats in each group. Differences in weight gain are significant. Mucosa There was no difference in "mucosal mass" between the non-operated and the sham-operated control rats, irrespective of whether this was expressed as dry weight of the scraped mucosa or expressed as protein or DNA-content per unit length. There was a tendency to a lower mucosal mass in gut segment B in the sham operated rats, but the difference from the non-operated was not significant ( fig. 2) . The operated rats clearly showed a higher mucosal mass in segment B and C and no change in mucosal mass in segment A as compared with the control groups ( fig. 2) . The overall composition of the mucosa expressed as protein or DNA content per unit dry weight of mucosa or the protein DNA ratio was not altered by shamoperation or operation ( fig. 3 ).
In Activity of the "brush border enzymes"
Sliam-operation
Sham-operation did not change the activity of the three enzymes referred to gut length nor the specific activity of these enzymes ( fig. 5, 6 and 7) . . Activity of maltase in the whole homogenate of the mucosal scrapings. In segment B the only significant difference in maltase activity per gut length is between non-operated and operated rats. In segment C maltase activity per gut length in operated rats differs significantly from the control groups. Specific activity shows no significant differences. Abbreviations as in Figure 2 .
Operation
In gut segment A there was a decrease of sucfase activity in all four reference systems. Alkaline phosphatase activity showed the same tendency but the differences were not significant. Maltase activity did not change. In gut segment C the activity per gut length of all three enzymes rose (not significantly for alkaline phosphatase) but activity per mucosal mass remained unchanged. In gut segment B sucrase activity per gut length increased almost two-fold but showed only a moderate increase.in activity per mucosal mass when compared to the sham operated rats. Maltase-activity per gut length rose only when compared to non-operated controls, with no change or even a tendency to decrease in activity per mucosal mass. Alkaline phosphatase activity per gut length did not change, while activity referred to mucosal dry weight showed a tendency to decrease. Fig. 6 . Activity of sucrase in the whole homogenate of the mucosal scrapings. In segment A activity is significantly decreased in operated rats in all reference systems* with ho change in sham-operated rats. In segment B activity per gut length in operated rats differs significantly from both control groups; the specific activity, however, differs significantly only from the non-operated fats; Sham operation caused no significant differences. In segment C operated rats have a significantly higher activity per gut length than both control groups; specific activity is not changed significantly. Abbreviations as in Figure 2 . 
Discussion
The changes in enzyme activities and the unchanged galactose absorption suggest that the small intestine is functioning relatively normally. This is also suggested by the unchanged caecal weight which can be increased when more nutrients reach the large intestine (17, 18) .
In the present investigation we tried to estimate the mucosal mass by weighing the scraped mucosa and measuring its protein-and DNA content. In this study mucosal dry weight, mucosal protein and mucosal DNA behaved in a very similar way so that they were subsumed under the phrase "mucosal mass". The measurements of the "mucosal mass" were consistent with the morphological findings (12) in the segment without food (A) and the segment with both, food and digestive secretions (C). In the latter segment the increase of "mucosal mass" agrees well with similar measurements after proximal resection (19, 20) . The high increase in gut circumference (Fig. 8 ) of the segment with digestive secretions only by reflux and food (B) caused an increase in "mucosal mass" in spite of only small changes of villus height (12) .
In the present measurement of absorption we tried to get information on the maximal absorptive capacity of the intestine and used a high concentration of galactose (64 mmpl/1) which is in the order of magnitude of the apparent K m in vivo (57.7 mmol/1, (31)) in rat jejunum. At this concentration there is "no significant passive ' transfer component of galactose" (31) and it can be assumed that the disappearance of galactose in the present study was due to active carrier mediated transfer. Under these conditions neither sham-operation nor operation caused a change of galactose absorption from the gut lumen in segment A or B. In spite of reports on the influence of nutrition on transport capacity (3, 22, 23) , the lack of food in segment A does not result in smaller absorption rates. In the segment with digestive secretions only by reflux and food (B) perhaps the increase in serosal surface, as indicated by the increased circumference (Fig. 8 ) and the unchanged length (12) and therefore in mucosal surface, balanced a reduction of absorption due to the shortening of the villi at the proximal part of this segment (12) . Furtheron the reflux of digestive secretions might be of importance in maintaining an unchanged absorptive capacity in this segment.
The use of the reference system gut length offers inform ation on the functional capacity of a gut segment but cannot answer whether or not a change in functional capacity is only due to a change in number of absorbing cells ("mucosal mass"). The reference system "mucosal mass" helps to differentiate functional changes at the "cellular level" from functional changes resulting from an altered cell number. The decrease of sucrase activity in the segment without food (A) represents, as indicated from the reference system, changes at the cellular level.
Regarding the unchanged mucosal morphology and cell renewal it may be suggested that the digestive secretions maintain normal morphology and cell renewal (5, 12) , but that the activity of enzymes is subject to further influences, in the present case perhaps to the availability of luminal carbohydrates (2, 24) . Alpers & Tedesco (6) could demonstrate that pancreatic proteases play an essential role in the turnover of the brush border enzymes (6, 8) . It may be possible that in the lumen of segment A the pancreatic enzymes, not mixed with food, release sucrase to a greater extent than in the two control groups.
the increased activity of all three enzymes in the segment with both food and digestive secretions (C) might be due mainly to mucosal hyperplasia (no, or only small changes at the cellular level). These changes can best be explained by advancing a distal gut segment to a more proximal position as it occurs in intestinal resection (27, 28) . Histochemical studies showed no consistent change in the intensity of the staining reaction for these enzymes after intestinal resection (29) and support the hypothesis of mucosal hyperplasia rather than increased activity at the cellular level. The changes in segment B are complex and cannot be interpreted satisfactorily without differentiating the proximal and distal part.
The turnover of the brush border enzymes is controlled by a number of different regulation-mechanisms (25, 26) and may respond to the altered availability of digestive secretions and damage by hydrochloric acid in different ways. The changes in mucosal mass and enzyme activities were most probably not due to changes in circulating gastrin levels. Brown et al. (30) could not find any changes in fasting serum gastrin content 8 weeks after by-pass operations in rats.
Although disaccharidases, for instance sucrase and isomaltase, are involved in sugar transport (32, 33) , the measurement of the activity of these enzymes in mucosal homogenates is no substitute for measuring the sugar transport directly (15, 34) . Me Michael (34) and Böhmer (15) could not find any correlation between mucosal disaccharidase activity and the rates of disaccharide disappearance from the gut lumen in vivo. In the present experiments no correlation between disaccharidase activity (sucrase, maltase) and galactose absorption could be demonstrated independently of the reference system used. This result was expected from the findings ofStorelli et al. (35) who could not show any influence of sucrase-isomaltase incorporated into a black lipid membrane on the transfer of monosaccharides through this membrane. In spite of the fact that galactose is not a constituent of the substrates for the disaccharidases measured it was used because it is transported by the same carrier as glucose (36) , and its metabolism in the small intestine is extremely low (37) .
